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摘  要 




研究该海域 CDOM 的光谱特性，主要对该海域水体中 CDOM 的 EEMs 性质进行
研究，并采用聚类分析\方法对数据进行处理，分析该海域 CDOM 的来源，探讨
控制 CDOM 分布与变化的主要因素与生物地球化学过程，主要结果如下： 
1、北部湾水体中，TOC 的季节性变化较为明显，总体趋势为春季>夏季>秋
季>冬季。DOC 的季节性变化也较为明显，趋势为春季>夏季>冬季。TOC 和 DOC
之间存在一定的相关关系。这表明，溶解有机碳是北部湾海水的总有机碳的主要
成分。DOC 和 TOC 的浓度垂直分布也随着季节变化有关，DOC 的垂直分布变
化同 TOC 的垂直分布变化相似。TOC 与盐度的负相关关系表明陆源淡水输入是
北部湾 TOC 的主要来源。 
2、北部湾海域 CDOM 的季节性变化较为明显，依次为冬季>春季>秋季>夏
季。S 值的季节性变化刚好与 a355 呈一种相反的对应关系。S 值的季节性变化表
明冬季的 CDOM 平均分子量最高而夏季最低，这可能反映了夏季 CDOM 的光化
学反应影响。春、夏季的表层 a355 浓度要高于中、底层，而秋、冬季 a355 浓度
分布基本均匀。 
    a355~S 关系图表明 I 区（广西沿海）受陆源影响较大，而 III 区（海南岛南
部海域）的 a355 都随着 S 值的增大而不断减少，表明该海域的 CDOM 为典型的
海洋来源。冬、春、秋三季 II 区（琼州海峡以西的海南岛西部海域）CDOM 的
a355~S 分布趋势表明它是 III 区海源和 I 区陆源 CDOM 混合的结果。夏季北部
湾大部分海区海洋来源 CDOM 占优势。CDOM 和盐度之间具有较好的相关性，
表明陆源输入是北部湾近岸海域 CDOM 的主要来源。CDOM 浓度与叶绿素之间
的相关性并不明显。 


















C3、C4 与盐度呈负相关，而 C1 组分与盐度没有相关关系，表明陆源输入是北
部湾海水中有机物的主要来源。C1 与叶绿素没有相关性，C2~C4 有一定的相关
性。表明该海域受生物活动的影响相对较小，微生物降解、浮游植物并不是该海
域 CDOM 的主要来源。 
4、根据北部湾春季和秋季航次中表层样品中 CDOM 吸收值、S 值、荧光值、
盐度、DOC 浓度、TOC 浓度及叶绿素等参数进行聚类分析，可将整个北部湾海
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Abstract 
    A comprehensive enviremental survey was conducted on four cruises over a 
two-year period from the summer of 2006 to the fall of 2007 in Beibu Bay. 
Performing both in situ measurement and laboratory analysis for Dissolved Organic 
Matter in surface, middle and bottom water. Using CDOM's optic character to 
research its source, distribution, transposition and seasonal change, analyse CDOM's 
spectral characteristic quantitatively and qualitatively. And the excitation-emission 
matrices especially. The data was statistically evaluated by cluster analysis to identify 
the source of CDOM, investigate major factor and biogeochemical process which 
control CDOM's distribution and variation. The main results are as follows： 
    1. In BeiBu Bay water, significant seasonal variation was observed in both TOC 
and DOC, there is a correlation between TOC and DOC, which shows DOC composes 
major part of TOC in BeiBu Bay seawater. Vertical distribution of the concentrations 
of DOC and TOC also show seasonal difference, and their variations are similar. The 
negative correlation between TOC and salinity indicates that terrigenous freshwater 
input is the main sources of TOC in BeiBu Bay. 
    Seasonal variation of CDOM in beibu bay is obvious, followed by winter> 
spring> autumn> summer. The correlation between seasonal changes of S value and 
a355 was negative. The seasonal variations of S value show the highest average 
molecular weigh of CDOM in winter and lowest in summer, that may because of 
CDOM's photochemical reaction in summer. The concentration of a355 in surface 
waters are higher than in middle and bottom waters in spring and summer, and 
concentration distribution are relatively uniform in fall and winter. 
    2. a355~S diagram shows that area I(Guangxi) affected by terrigenous sources, 
and a355 are decreasing with the increase of S values in area III (Southern Hainan 
Island ), that show CDOM in the area is marine-derived a355~S of CDOM 
distribution in area II in Winter, spring and autumn show that it is the result of mixing 
of marine-derived CDOM from area III and terrigenous CDOM from area I. 
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correlation between CDOM and salinity indicating that terrigenous input is principal 
sources of CDOM in coastal BeiBu Bay waters. No significant relevance was found 
between chlorophyll concentration and CDOM.  
    3. We have identified four fluorescence components, including like-protein peaks 
C1 and C4 and humus-like peaks C2 and C3 by PRAAFAC in beibu bay water.  
Linear correlation was found between the absorption coefficient and three 
components (C2, C3 and C4), only like-tyrosine component different from other three 
components indicated its particular source and formation. Fluorescence components 
C2, C3, C4 negative correlated with salinity in spring and summer, and no correlation 
was observed between C1 and salinity, imply that terrigenous input is main source of 
organic matter in beibu bay. chlorophyll relatively correlate with C2~C4, but not with 
C1 show that the area is relatively less affected by the biological activity, microbial 
degradation and phytoplanktonis not a major source of CDOM in this area. 
    4. By cluster analysis with CDOM absorption, S value, fluorescence, salinity, 
DOC and chlorophyll concentration, the whole beibu bay was divided into four areas, 
area I mainly affect by coastal streams from southern GUANGXI, area II effect by 
westbound water from Qiongzhou Strait to beibu bay. Area III effect by 
anti-clockwise circulation in south-west Hainan Island, area IV effect by coastal 
streams in southern Guangxi and water from Qiongzhou Strait flow into BeiBu Bay 
from south-west direction. Tracing water masses shows obvious corresponding 
relation between CDOM distribution and watermass movement, CDOM is a great 
tracer of water mass characteristic and water mass movement. 
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手段的限制，目前只有不到大约 30％左右的 DOM 被确认为常见的生物分子[5, 6]，
其余组分主要是一些腐殖质类的物质，由于它们具有吸收紫外-可见光的能力而
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1.1.1 CDOM 的光吸收特性与吸收光谱分析 
包括陆地淡水和海水中 CDOM 的光吸收特性都表现为在紫外可见光区最
高，到红外光谱区降至接近于零，吸收系数与波长之间呈指数关系。图 1.1 给出





      式中   a(λ)：波长为 λ时的吸收系数 
             a(λ0)：参考波长 λ0 下的吸收系数 



















图 1.1 北部湾 CDOM 的典型吸收光谱图 
Fig1.1 The absorption spectra characteristics of CDOM in BeiBu Bay 
 
通常用某一波长下的吸收系数表示海水中 CDOM 的相对浓度，常用的是
355nm 或 350nm 波长处的吸收系数 a355 或 a350，也有选取 a300，a280 或更短
波长的 a254。而光谱斜率系数 S 值则反映了 CDOM 的平均分子量的相对大小，
其数值的计算与波长范围的选择及回归方式（线性还是非线性）有关。 
CDOM 的吸收光谱通常用紫外可见分光光度计进行测定，对大多数河口近
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度不够，一些研究者使用 1m 长的液芯光波导系统（liquid core waveguide system），
可大大提高分析的灵敏度。 





表 1.1 海洋 CDOM 的荧光团特征 
Tab1.1 The characteristics of CDOM's fluorescence mission in BeiBu Bay 
 
荧光团类型 编号 荧光峰性质 λEx/λEm (nm) 
A UV 类腐殖质 230-260/380-460 
C Vis 类腐殖质 320-360/420-480 
M Vis 类腐殖质 290-310/370-420 
D 土壤富里酸 390/509 
类腐殖质荧光 
E 土壤富里酸 455/521 
B 类酪氨酸 270-280/305-310 
S 类酪氨酸 225-230/305-310 
T 类色氨酸 270-280/340-350 
类蛋白质荧光 





光光谱分析为主转变为以激发 -发射 -矩阵光谱（Excitation-Emission Matrix 
spectroscopy，简称 EEMs）分析为主，即俗称的三维荧光光谱分析。图 1.2 为北
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图 1.2 北部湾 CDOM 的典型三维荧光光谱图  
Fig1.2 The typical EEM's fluorescence spectra of CDOM's in BeiBu Bay 
 
1.2  近海海域 CDOM 的来源与归宿 
1.2.1 近海海域 CDOM 的来源 
CDOM 的行为相当复杂，表现在其归宿以及混合行为的复杂性上。近海海













大洋，颗粒有机物的再矿化也会向深层海洋提供 CDOM[25,26]。污水中 CDOM 的








































CDOM 的周转和循环速率大大加快。此外，光降解过程还可产生 CH4、COS 等
温室气体，通过影响 C、S 循环对气候产生影响。 
 
1.3  近海 CDOM 研究进展 




CDOM 的研究工作开展得并不是太多，下面分 3 个方面进行阐述。 
1.3.1 CDOM 的吸收光谱分析 
1.3.1.1 CDOM 混合行为的保守性问题 
陆源河流输入是近海 CDOM 的一个重要来源，这些 CDOM 在从流域经河口
向近海输送并与海源 CDOM 混合的过程中，其行为是否保守是研究其生物地球
化学过程的一个基本问题。普遍观测到河口的近海端光谱斜率系数 S 值有一个快
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